Introdução
Demand for fuels is increasing, so the capacity and quantity of refining in oil refineries is constantly increasing (DUARTE; DROGUETT, 2012) . Due to this increase, in recent years, in the industries near populated areas many accidents have been happening, among them the explosions (FREITAS; PORTO, 2006) .
Working in a petrochemical is to be exposed to the risks that processing compounds can generate, such as an explosion that has negative consequences for neighboring populations and the environment (GONÇALVES FILHO et al., 2013) . Explosions are the events with the highest numbers of immediate deaths, making it one of the most dangerous accidents when compared with accidental or fires (DE FREITAS et al., 1995) .
One of the major chemical accidents in Brazil occurred in Vila Socó, a town in the south, where the explosion of a Petrobrás gas pipeline killed approximately 500 people (DEMAROJOVIC, 2000) . Already on April 26, 1986 the Chernobyl accident occurred in Ukraine, considering the biggest nuclear accident, caused by the explosion of a reactor. The result of this phenomenon was deaths of more than five million people infected by radiation (XAVIER et al., 2007) .
Thus, according to Tavares (2005) , the objectives of a refinery, when planned and constructed, are two: production of fuels and petrochemical raw materials, and the production of basic lubricants and paraffin. In a petrochemical, fissures or ruptures in lines, valves or connections can cause effects on both personal safety and the environment (DUARTE; DROGUETT, 2012) .
In this aspect, the present work has the objective of demonstrating the use of the "ALOHA" software to identify and quantify the possible effects of physical effects and explosion damages resulting from the operation of a Petroleum Refining process of the Diesel Hydrotreating unit, of the Abreu e Lima Refinery (ALR).
The specific objectives of this paper are:
 To characterize the enterprise;  Perform the simulation using fictitious data, to preserve the confidentiality of the company; avançadas de produção" Joinville, SC, Brasil, 10 a 13 de outubro de 2017. 4  Propose mitigating preventive measures.
Theoretical reference

Petroleum refining
The petroleum refining process is continuous, so it is necessary for the workers to adapt to the situation, since the production cannot be interrupted, except in cases of maintenance (FARTES, 2002) .
Similarly, the petroleum refining activity causes several damages to the environment and human health, mainly to the workers (GURGEL et al., 2009) . Accidents "for the most part, are engineering and maintenance, typical accidents and extended chemical accidents (SILVA et al., 2013) .
In this context, according to Petrobrás (2015) , the production of petroleum products basically involves 3 (three) processes: distillation, conversion and treatments.
So, variations in petroleum refining processes in a refinery vary according to its location, due to factors such as market demand, consumers, distribution routes, petroleum characteristics, and process implementation costs, among others (UGAYA; HENSCHEL, 2004). In fact, it's possible to observe in Table 1 , the effects that the overpressure, generated with the effect of the explosion, can causes in people or assets.
Consequently, explosions followed or not by fires, generate deaths or serious injuries due to the variation of the overpressure rate, causing disasters due to the emission of projectiles, for example (OLIVEIRA JÚNIOR, 2008) . The importance of measuring risks is justified by the fact that, it is not possible to have the money, time or resources to handle all the risks involved in a project (ROYER, 2000) . Even so, the author Pedroso (2007) considers that the quantified outputs of the risks according to their possible impacts may be acceptable or not, depending on the tolerance among the stakeholders.
Materials and methods
The conceptual data referring to the Environmental Impact Studies (EIS) and Environmental Impacts Report (EIR) of the Abreu e Lima Refinery, provided by Petrobras on March 22, 2006, was obtained as the main source of the data, available for public access In the State Agency of Environment and Water Resources (SAEWR). However, for reasons of confidentiality, the data of processes used are fictitious.
Assumptions
The levels of risks from the Diesel Hydrotreatment unit, considered the most critical unit due to severe temperature, pressure and flow conditions, have been estimated to have the potential to cause greater harm to people and the environment. Therefore, the scenarios analyzed were small leakage and large leakage. The criteria adopted for the small and large leak were those established by the World Bank. The small leakage and large leakage correspond to 20% and 100% of the pipe diameter, respectively, as shown in (2017) It is worth noting that in this work, simulations were performed with three sections of the diesel hydrotreatment unit (HDT-D), being named as Route 1, Route 2 and Route 3. Both were chosen because they presented high temperatures and pressures in comparisons with other routes.
Simulation
To simulate the effects caused by physical effects, the ALOHA computer program developed by the Environmental Protection Agency (EPA) was used. The software is recommended for the characterization of the possible effects in an oil refinery (FARIAS, 2010) .
This topic presents the inputs used for the simulations, such as: physical effects limits, reference materials and their characteristics, cast time and line length.
The limits adopted were established by CETESB Technical Standard P4. 261 (2003) and TNO Purple Book (2005) . Therefore, the thermal radiation, as in (1), and overpressure (using the TNO Multi-Energy model, as in (2).
 3,0kW/m²; 12,5kW/m²; 37,5kW/m²; (1)  0,7psi; 1,5psi; 4,4psi (2).
Among the hypotheses presented for quantifying the impact of the explosions, the substances contemplated were mixtures of flammable gases, and it is necessary to select a reference substance. For gaseous substances, the reference material selected was propane, for biphasic substances, the material was n-hexane and for liquids, the reference material was n-decane. Lastly, the hypothetical value of 2000 times the size of the pipe diameter was considered for all pipes because of the lack of real data.
Results and Discussion
Abreu e Lima Refinery (ALR or RNEST in Brazil)
The ALR, in Brazil called the Abreu e Lima Refinery (RNEST), located in the city of Ipojuca, in the state of Pernambuco, in the Port Complex of Suape, has a refining process oriented to the production of diesel oil, the demands of the northeast region and part of the Brazilian market (SALVIANO; SOUZA NETO, 2016) . The location of the ALR is shown in Figure 2 . Fonte: Adapted from Google Maps (2017) In addition, Suape hosts many industries, resulting in a high density of individuals in the area, with potential for further growth (ABÍLIO et al., 2014) . Thus, an accident in an onshore terminal offers greater risk to the population of the Port when compared to an offshore terminal, despite the latter resulting in greater vulnerability ranges.
Thus, ALR is a project of Petrobras in partnership with PDVSA (Petróleos de Venezuela S.A.) and has a capacity to process 230 thousand barrels of heavy oil per day, representing 11.5% of the national refining (MOUTINHO et al., 2011) .
Study Area: diesel hydrotreatment unit (HDT/DIESEL)
A refinery generally processes several types of oil, composed of its various derivatives, such as liquefied petroleum gas (LPG), naphtha, kerosene and diesel oil (SIMÃO, 2014).
Diesel is a petroleum derived fuel composed primarily of hydrocarbons (carbon atoms, hydrogen, and low concentrations by sulfur, nitrogen, and oxygen) (LINS; BERTOLLI, 2008).
So, in this work, three sections of the diesel hydrotreatment unit (HDT-D) were used for the simulations. It is possible to observe in Figure 3 , Route 1, used to simulate explosions with ALOHA software.
In Figure 3 , in red, is represented the section of study number 1, located in the UHT -Diesel.
The blue arrows indicate the flow through which the fluid flows. Route 1 presents a temperature of 244.3ºC, a pressure of 9.35atm and the main components that flow in the pipeline are naphtha and diesel. (2017) Just as, the Figure 5 shows the results that were obtained in the simulation, from the restrictions inserted in the software for Route 1. It was noticed that the section presents as a moderate threat, where there are three zones of scope, being:  Red zone: can cause an explosion greater than 8.0psi and cause the destruction of several buildings;
 Orange zone: may cause an explosion greater than 3.5psi and less than 8.0psi, potentially causing serious injury to persons;  Yellow zone: may cause an explosion greater than 1.0psi and less than 3.5psi, causing impacts that can destroy glass.
The simulation showed that the situation in which the pipeline of Route 1 is daily can generate explosions up to 26 meters in the yellow zone and 12 meters in the orange zone. It was seen that the red zone did not show results, because it will never be exceeded.
High overpressures can impact the environment, people and buildings. It is important to remember, based on Table 1 , that Route 1 could cause damage to steel structures and panels, equivalent to less than 1% of structural damage and small ruptures in people's eardrums.
Therefore, it is essential that the distances of the impacts are recognized so that the company can take preventive measures. Fonte: Own authorship (2017) It is possible to observe in Figure 6 the results that were obtained in the simulation, from the restrictions inserted in the software for Route 2. It was perceived that the section presents as a moderate threat, as well as Route 1, remaining limited between the zones Red (greater than 8.0psi), Orange (between 3.5psi and 8.0psi) and Yellow (between 1.0psi and 3.5psi).
However, the simulation for Route 2 showed that the situation in which the pipeline is daily can generate explosions that reach up to 41 meters in the Yellow zone, 23 meters in the Orange zone and 20 meters in the Red zone.
Unlike Route 1, Route 2 showed more severe distances, reaching the Red zone. The explanation for such phenomenon is that the pressure of the pipe 2 is about 12 times greater than that of the pipe 1.
Based on Table 1 , Route 2 in addition to causing damage to steel structures and panels and ruptures in people's eardrums, could cause fatality due to pulmonary hemorrhage, completely destroy surrounding structures and generate large environmental impacts.
In this way, Route 2 becomes the main target for mitigating measures, since ALOHA software does not show how to totally avoid damages, but gives the possibility to diagnose the priorities, thus verifying the most necessary investments within the company. Fonte: Own authorship (2017) Thus, the ALOHA software did not generate any graphs for Route 3. This means that the simulation, from the constraints inserted, showed that there will be no explosions in that pipeline, even if a break or a crack occurs. The reason is that the temperature (68.6°C) and the pressure (6atm) of the route are lower than those that could possibly cause negative impacts.
It should be noted that all possible explosions, as shown in Figure 7 , may have, as the beginning of the effect, a spark or a flame.
Recommendations
It is therefore recommended that petrochemicals use ALOHA software to perform simulations with multiple constraints, in order to identify in which areas explosions may occur, their possible scope and the impacts they may cause.
Also, it is known that it is essential for companies to provide their employees with Collective Protection Equipment (CPE) and Personal Protective Equipment (PPE), so that the impact generated by people in the event of an explosion can be reduced. It is worth mentioning that it is important for any industry to carry out at least one Preliminary Risk Analysis (PRA) per year, in order to identify environmental risks and train, through guidelines, the staff, aiming at safety and Quality of Life at Work (QLW).
Finally, it is advised that not only the ALR, but that all companies carry out preventive maintenance on their equipment, preventing and / or reducing failures in their activities. The reliability of the operation of equipment can increase from its maintenance and can remain in good condition for a long period.
Final considerations
With the simulations of the ALOHA software, it was possible to identify and quantify the possible effects of physical effects and explosion damages on three routes of the diesel hydro treatment unit, Abreu e Lima Refinery. The use of software in the identification of risks in a refining process, besides facilitating the management of the processes, allows a greater control in the departments that require more attention in that it competes the security.
It has been seen that Route 1 and Route 2 present moderate threats, which may cause high overpressures and impacts to the environment, people and buildings. In the event of a pipeline explosion, damage can cause steel structures and panels, structural damage, ruptured eardrums, and various other fatal accidents resulting from, for example, pulmonary hemorrhage.
But, Route 3 posed no threat since the temperature (68.6°C) and the pressure (6atm) of the route were lower than those likely to cause damage to people, the environment and buildings.
Regarding the mitigating measures, it was recommended the use by the petrochemical industries of ALOHA software to manage and diagnose risk priorities in the work environment.
It is worth noting that many industries are not able to carry out preventive investments in all risk environments, as the authors have pointed out. For this reason, the simulation becomes important, as it quantitatively shows the low, medium and high level risks (those who need more attention).
Thus, it was recommended that not only the Refinery Abreu and Lima, but that all companies carry out preventive maintenance on their equipment, provide individual and collective protection equipment for workers and carry out at least one preliminary risk analysis per year.
It is concluded that the work reached its objectives, as it was demonstrated the use of the ALOHA software for simulations with explosions, the characterization of the Abreu e Lima
Refinery was carried out, proposals were made for mitigating preventive measures and all procedures with the program were carried out Using fictitious data, thus preserving company secrecy (ALR).
